In vitro experiments demonstrated that either a K65R or a K70E mutation in HIV reverse transcriptase (RT) was selected in the presence of adefovir, conferring a 16-or 9-fold decrease in susceptibility to adefovir, respectively. Previous data demonstrated that patients receiving adefovir dipivoxil monotherapy (125 mg daily) for 12 weeks experienced a median decrease in HIV RNA levels of 0.5 log 10 copies/ml and that resistance to adefovir dipivoxil did not arise during that period. In the present investigation, a further study was undertaken to investigate whether RT mutations developed among viruses from patients who completed the 12-week study and who opted to enroll in a maintenance phase of prolonged (6-to 12-month) adefovir dipivoxil therapy (120 mg daily). Concomitant treatment with antiretroviral agents was permitted during the maintenance phase. The median decreases in HIV RNA levels for patients who completed 6 or 12 months of maintenance-phase dosing were 0.6 and 1.14 log 10 copies/ml, respectively. The reductions in the HIV RNA levels were similar among patients who received adefovir dipivoxil with or without concomitant treatment with antiretroviral agents. Viruses from 8 of 29 patients dosed for up to 12 months developed RT mutations that were not present at baseline; these mutations may have been related to adefovir dipivoxil therapy. Viruses from two of the eight patients developed the K70E mutation while the patients were on therapy, but none of the viruses from patients developed the K65R RT substitution. Despite the development of RT mutations, sustained reductions (6 to 12 months) in viral load (>0.7 log 10 copies/ml decrease from baseline) were observed in all eight patients.
Current guidelines for the treatment of AIDS recommend combination therapy, preferably triple-drug therapy that includes a protease inhibitor (7a) . Reverse transcriptase (RT) inhibitors (including nucleoside and nonnucleoside RT inhibitors) and protease inhibitors have been combined in numerous clinical studies and have been shown to provide potent and sustained suppression of human immunodeficiency virus (HIV) replication. However, the development of resistance to the RT and protease inhibitor components of these treatment regimens continues to plague the long-term success of anti-HIV therapy (34) .
The development of RT resistance mutations in HIV strains from patients receiving anti-HIV therapy with nucleoside analogs is well documented. HIV strains in patients receiving zidovudine (AZT) develop numerous, specific resistance mutations in a stepwise manner (6, 26-28, 31, 32, 39) . Resistance mutations resulting from didanosine (ddI) (20, 22, 29, 47, 51) , zalcitabine (ddC) (18, 20, 22, 52) , or lamivudine (3TC) therapy have been well characterized (20, 40, 42, 49, 50) . Mutations arising during stavudine (d4T) therapy are less well described to date (30, 33) . Interestingly, "hallmark" AZT-associated resistance mutations have also been shown to arise among viruses in patients receiving ddI or d4T monotherapy, although these mutations do not confer notable decreased levels of susceptibility to either of these drugs in vitro (16, 33, 51) . Finally, combinations of nucleoside inhibitors may lead to novel resistance patterns in vivo, as evidenced by the multidrug-resistant viruses (41, 43, 46, 48) .
Adefovir is a member of a new class of nucleotide antiviral agents and is active in vitro and in vivo against retroviruses, hepadnaviruses, and herpesviruses (4, 13, 14, 36) . The orally bioavailable prodrug adefovir dipivoxil [bis-(pivaloyloxymethyl)-ester prodrug] is under clinical evaluation for the treatment of infections caused by these viruses. Adefovir is phosphorylated to its active metabolite, adefovir diphosphate, by ubiquitous cellular enzymes (1, 3, 5, 38) and demonstrates potent anti-HIV activity in monocytes and macrophages (2, 37) as well as in resting and activated T cells (46) . Adefovir diphosphate is a competitive inhibitor of RT with regard to dATP and serves as an alternate substrate for incorporation into viral DNA, functioning as a chain terminator of viral DNA synthesis (10) .
It has been reported previously that the lysine 65-to-arginine (K65R) and lysine 70-to-glutamic acid (K70E) mutations were selected for in vitro in the presence of adefovir (9, 19) . A recombinant virus expressing the K65R mutation exhibited a 12-to 16-fold decreased level of susceptibility to adefovir in vitro (19, 23) , while a recombinant virus expressing the K70E mutation showed a 9-fold decreased level of susceptibility to adefovir in vitro compared to that of the wild type (HXB2D or HIV IIIb) (9) . AZT-resistant, 3TC-resistant, and multidrugresistant viruses remain susceptible to adefovir in vitro (9, 21, 23, 48) .
To address the potential development of resistance to adefovir dipivoxil in vivo, a study was undertaken to analyze samples from patients enrolled in a phase I/II clinical trial. Study GS-94-403 was a double-blind, placebo-controlled phase I/II trial of adefovir dipivoxil for the treatment of HIV. In the initial phase, patients were randomized to receive active drug (125 or 250 mg daily) or placebo for a period of 6 weeks; all patients received drug under an open-label design at one of two doses during weeks 6 to 12. The clinical data including HIV RT genotypic analyses for strains from patients enrolled in this initial phase of the study were reported recently (15) . Briefly, viruses from 1 of the 19 patients who received 125 mg of adefovir dipivoxil monotherapy for 12 weeks demonstrated a change in RT (M184V) at week 12 compared to the genotype of the virus in the baseline sample. Importantly, this patient experienced a decrease in the plasma HIV-1 RNA level of 1.95 log 10 copies/ml from that at the baseline, a response considerably more pronounced than the median decrease of 0.5 log 10 copies/ml for this cohort, suggesting possible concomitant, surreptitious use of antiretroviral agents.
At various times (median time, 6.25 months) following the initial 12-week monotherapy phase of the study, patients were allowed to enter a maintenance dosing phase (Ն6 months) during which concomitant antiretroviral therapy was permitted. The concomitant therapy used was at the discretion of the patient and the physician. Here we report the results of genotypic analyses of RT genes generated for viruses from plasma samples from patients enrolled in this maintenance phase of prolonged (6-to 12-month) adefovir dipivoxil therapy (120 mg daily) as well as the patients' viral load responses during this time. Additionally, recombinant HIV strains were constructed, and viruses from patients who developed mutations in RT that were believed to be possibly associated with adefovir dipivoxil therapy were analyzed. Adefovir dipivoxil resistance did not arise readily during extended therapy, and sustained antiviral activity was observed.
MATERIALS AND METHODS
Patients. GS-94-403 was a phase I/II randomized, double-blind, placebo-controlled study investigating the safety and efficacy of adefovir dipivoxil in HIVinfected adults. Patients were enrolled into this study during 1994 and 1995. Detailed descriptions of the initial monotherapy phase of the GS-94-403 study design, patient characteristics, and clinical results have been reported previously (15) . Briefly, criteria for entry into the GS-94-403 study were a CD4 count of Ͼ200 cells/mm 3 and a viral load of Ͼ10,000 copies/ml. After patients completed the initial phase of 12 weeks, they were eligible to enter the maintenance dosing phase (a period of Ն6 months) of the study in which the concomitant use of antiretroviral agents was permitted. A median time of 6.5 months separated completion of the initial phase and entry into the maintenance phase. For 29 patients who enrolled in the maintenance phase, plasma samples from the maintenance-phase baseline and at least one time point Ն6 months into the extended dosing period were available for genotypic analyses. At entry into the maintenance phase, these 29 patients had a median initial HIV RNA load of 45,320 copies/ml and a median CD4 cell count of 407 cells/mm 3 . A total of 79% of these patients were nucleoside inhibitor experienced, primarily with AZT or AZT plus ddI.
Genotypic analyses. The preparation of HIV RNA from patient plasma, the generation of the 1.1-kb PCR fragments carrying HIV RT, and analyses of the DNA sequences of these PCR fragments have been described previously (15, 44) . Briefly, genotypic analyses were performed with RT-PCR fragments carrying HIV RT genes generated from the patients' plasma samples taken at the maintenance-phase baseline, the 6-month time point, and when available, the 12-month time point. If a change in the RT sequence from that at the baseline was detected at the 6-month time point, the RT from viruses from the 3-month sample was also sequenced. In cases when a patient discontinued the maintenance phase between 8 and 12 months, the last available sample was analyzed. Nucleotides 1 to 900 (amino acids 1 to 300) of the HIV RT genes generated from these specified plasma samples were manually sequenced by conventional didoexy sequencing methods. A mixture of wild-type and mutant nucleotides was reliably detected by this manual sequencing method when either was present in the population at Ն20%, similar to the detection level of automated sequencing methods. Observed HIV RT mutations were interpreted in the context of each patient's history of prior and concomitant antiretroviral therapy.
Generation of recombinant HIV. PCR fragments corresponding to the first 1 kb of HIV type 1 (HIV-1) RT were prepared from the patients' plasma samples obtained at baseline and after either 6 or 12 months of adefovir dipivoxil therapy. Four micrograms of the PCR fragments was cotransfected with 6 g of the RT-deleted HIV-1 proviral molecular clone pHXB2delta2-261RT (a gift from C. Boucher) as described by Boucher et al. (7) . Replication-competent viruses resulting from homologous recombination were harvested when the cultures contained notable syncytia, which was 8 to 18 days later. The RT genotypes of the recombinant viruses were confirmed by sequencing the respective RT-PCR products generated from 140 l of DNase-treated viral supernatants.
Phenotypic analyses of recombinant HIV. The susceptibilities of the recombinant viruses to adefovir, AZT, 3TC, and ritonavir were evaluated by a modified XTT-based assay with MT-2 cells as described previously (9) . For comparison, the wild-type molecular clone HXB2D as well as RT mutants with site-directed mutations K70E (9) and T69D (a gift from J. Fitzgibbon) were evaluated. All infections were carried out at a multiplicity of infection of 0.001 and resulted in similar levels of cell death in the absence of drug.
HIV RNA quantitation. HIV RNA loads were determined by using the Roche Amplicor technology, which has a limit of quantification of 400 copies/ml of plasma. During the maintenance phase, plasma samples were analyzed at the baseline and at months 3, 6, and 12 and/or at the time of study discontinuation for quantitation of viral load.
RESULTS
Genotypic analyses of HIV RT and viral load responses among patients enrolled in the adefovir dipivoxil maintenance phase. For 28 patients enrolled in the maintenance phase, both baseline and 6-month plasma samples were available for HIV RT sequence analyses. For 14 of these 28 patients, a later sample was also available for analysis after a cumulative Ն8 months in the maintenance phase, including 9 patients for whom samples from the 12-month time point were available. Additionally, for one patient for whom a sample was not available at 6 months, a sample was available at 12 months and a PCR fragment carrying the RT was generated and sequenced. Therefore, sequence analysis was performed with HIV RT from all 29 patients for whom plasma samples with a detectable viral load from baseline and at least one time point Ն6 months into the maintenance phase were available. Concomitant antiretroviral agents were permitted during the maintenance phase. Among patients who added a new drug, 3TC and d4T were most commonly used.
These 29 patients had a median decrease in the HIV RNA load from baseline of 0.56 log 10 copies/ml after 6 months of therapy ( discontinued the study or plasma samples were not available for analyses. The remaining 11 evaluable patients had a median decrease in HIV RNA load of 1.14 log 10 copies/ml at month 12 ( Fig. 1 ). Fifteen patients received adefovir dipivoxil monotherapy for the first 6 months of the maintenance phase. These 15 patients showed median Ϯ standard error decreases in HIV RNA load from baseline of 0.49 Ϯ 0.17 log 10 copies/ml at 3 months and 0.54 Ϯ 0.21 log 10 copies/ml at 6 months, similar to the decreases observed for all patients at those time points.
For 8 of 29 patients, changes in the sequence of HIV RT from that at baseline developed after Ն6 months of adefovir dipivoxil therapy; these changes may have been selected by adefovir dipivoxil (Table 1) . Mutations were considered to be potentially due to adefovir dipivoxil therapy if they met one or more of the following criteria: (i) the RT mutation developed while the patient was receiving adefovir dipivoxil monotherapy, (ii) the RT mutation was previously shown to be selected for in vitro by adefovir dipivoxil, or (iii) the RT mutation developed at an amino acid associated with resistance to a different nucleoside inhibitor, although the patient was not concomitantly taking that specific drug. Many of the mutations were detected initially as mixtures of wild-type and mutant amino acids and in some cases remained so throughout the duration of the study ( Table 1 ).
The viruses from five patients (patients A to E) developed mutations in RT while the patients were receiving adefovir dipivoxil monotherapy (Table 1 ). The viruses from patient A developed the K70E mutation, which was previously shown to be selected for in vitro in the presence of adefovir (8) . The viruses from three patients (patients B to D) developed AZTassociated resistance mutations, although none of the patients reported concomitant treatment with AZT. Two of these three patients had previously received AZT. Monotherapy with ddI or d4T has been shown to select for AZT-associated resistance mutations as well (16, 33, 51) . The viruses from patient E developed a T69D mutation at month 3, before the patient had started to take antiretroviral agents concomitantly. The T69D mutation has previously been shown to be associated with ddC therapy (18) , although patient E did not report treatment with ddC prior to or concomitantly with adefovir dipivoxil treatment. Despite the development of RT mutations associated with adefovir dipivoxil monotherapy, sustained reductions in viral load (Ն0.8 log 10 copies/ml decrease from baseline) were observed in all five patients (Table 1 , patients A to E).
The viruses from three additional patients (patients F to H) developed mutations in HIV RT while they were concomitantly receiving antiretroviral therapy, in addition to adefovir dipivoxil ( Table 1 ). The viruses from patient F developed a T69D mutation, the viruses from patient G developed a K70E mutation, and the viruses from patient H developed a K70R mutation. Each of these mutations was also selected for by viruses in patients who received adefovir dipivoxil monotherapy (Table 1 , patients A to E). Thus, adefovir dipivoxil may have selected the mutations in the viruses from patients F to H; however, a potential role played by concomitant therapy cannot be excluded. Similarly, while the addition of concomitant medications may have contributed to the viral RNA response in these three patients, as well as in patient E, sustained reductions in viral load were observed. In addition to developing mutations that may have been selected by adefovir dipivoxil therapy, viruses from patients E, F, and G also developed the M184V resistance mutation in the RT while the patients were concomitantly receiving 3TC treatment. In total, the viral load responses among the eight patients (patients A to H) whose viruses developed mutations associated with adefovir dipivoxil therapy were similar to the overall median decreases during the maintenance phase (month 6, Ϫ0.6 log 10 copies/ml; month 12, Ϫ1.1 log 10 copies/ml) (Fig. 1) .
The detailed viral load responses of the four individuals (Table 1 , patients A to D) who received adefovir dipivoxil monotherapy during the entire maintenance phase and whose viruses developed RT gene mutations possibly associated with adefovir dipivoxil treatment are shown in Fig. 2A to D. The data in Fig. 2A to C demonstrate that viral load suppression was maintained in the patients even 3 to 9 months after the selected mutation arose. Since the mutation which arose in the RT of the viruses from patient D developed at month 12, the effect of this sequence change on the subsequent viral RNA response could not be determined. As shown in Fig. 2 , many mutations were detected initially as mixtures of wild-type and mutant amino acids and in several cases remained as mixtures through the dosing period.
In addition to mutations that may have been selected by adefovir dipivoxil therapy, viruses from nine patients developed amino acid changes in RT that were associated specifically with resistance to another nucleoside analog that each patient was receiving concomitantly. Viruses from seven patients (including patients E, F, and G) developed the M184V mutation in RT while patients were taking 3TC in conjunction with adefovir dipivoxil and other anti-HIV agents. The viruses from one patient developed an M184V and an AZT-associated Tables 1 and 2. VOL. 42, 1998 CHARACTERIZATION OF HIV AFTER ADEFOVIR THERAPY 1623
on October 28, 2017 by guest http://aac.asm.org/ mutation, D67N, while the patient was concomitantly receiving AZT and 3TC, and the viruses from one patient developed an M41L mutation in the RT while the patient was concomitantly taking AZT. These nine patients had a median decrease in viral RNA load of 1.0 log 10 copies/ml calculated from the maintenance-phase baseline to the time of study discontinuation (Ն6 months) (data not shown). Production and phenotypic analyses of recombinant viruses from patients who received adefovir dipivoxil monotherapy and whose viruses developed mutations in RT. Recombinant viruses were constructed from the five patients (patients A to E) whose viruses developed mutations in RT while the patients were receiving adefovir dipivoxil monotherapy. For each of these patients, a set of pre-and posttreatment recombinant viruses was prepared by homologous recombination of an RTdeleted molecular HIV clone with PCR-amplified RT genes derived from patient plasma samples (7) . The RT genotypes of the resultant HIV recombinants (Table 2) corresponded to the RT genotypes of the viruses from the patients' plasma samples in most cases (Table 1) . For patient C, however, the baseline K70R mutation in recombinant virus generated from the 12-month plasma sample was not maintained, and the pre-and posttreatment recombinants expressed the T69N mutation, which was not seen in viruses from either plasma sample (although T69N was seen in the initial-phase baseline and week 12 samples). Another group has reported that the sequence of RT from recombinant viruses constructed in a similar manner matched that of the sequence of RT of viruses from plasma in 15 of 21 cases (71%) studied (51) . Sequence data for the recombinant viruses also revealed that the mixtures of mutant and wild-type sequences observed in plasma samples (Table 1) often resolved into completely mutant sequences in the recombinant viruses (Table 2 ). Also shown in Table 2 is the marked heterogeneity of RT sequences among HIV strains from different patients.
Antiviral drug susceptibility assays were performed with these matched sets of recombinant viruses from the patients as well as with wild-type (HXB2D) and two site-directed mutant RT clones of HIV (K65R and T69D). The 50% inhibitory concentrations (IC 50 s) of adefovir, AZT, 3TC, and ritonavir are presented in Table 2 . The protease inhibitor ritonavir functioned as an internal control since the protease gene is identical among these recombinant viruses. As expected, the IC 50 s of ritonavir for all the virus pairs varied by less than 1.5-fold. The recombinant viruses from patients B and C did not demonstrate any significant decrease in susceptibility to adefovir, in spite of the presence of their noted mutations. The viruses from patient C did show notable decreases in AZT susceptibility, likely due to the presence of K70R and M41L-T215Y RT mutations in the pre-and posttreatment recombinants, respectively. The pretherapy recombinant from patient B, on the other hand, was unexpectedly AZT hypersensitive; the acquisition of the T215I substitution, among others, by the posttherapy virus returned the level of susceptibility to AZT to that for the wild type. In contrast to viruses from patients B and C, viruses from patient A, which developed the K70E RT mutation, demonstrated a 3.1-fold decrease in susceptibilities to both adefovir and 3TC. Interestingly, the IC 50 s of adefovir and 3TC for viruses with this genetic background were less than those observed for the site-directed K70E recombinant. Recombinant viruses from patient E, which developed the T69D mutation, showed very mild decreases in adefovir and 3TC susceptibility. Again, the IC 50 s changed less for the patient-derived recombinant than for the site-directed T69D recombinant. The final pair of viruses, derived from patient D, demonstrated decreases in susceptibility to all of the RT inhibitors tested. The data in Table 2 indicate that pre-and posttreatment recombinant viruses derived from patients who developed mutations in RT while undergoing adefovir dipivoxil monotherapy demonstrated mild (less than threefold) or undetectable changes in adefovir susceptibility for four of five patients. These results support the clinical observations of continued viral load suppression, despite the presence of these RT mutations, for 3 to 9 months in patients A to C (Table 1; Fig.  2 ). In the exceptional case, recombinant virus from patient D at 12 months did appear to be resistant to multiple inhibitors. While these mutations did not result in a rapid return in viral load toward baseline (Fig. 2D ), they were first detected at 12 months; thus, the longer-term clinical implications of these mutations could not be determined. Effect of baseline nucleoside-associated resistance mutations on response to adefovir dipivoxil therapy. Among the 29 patients who were analyzed during the maintenance phase, 23 (79%) had received prior nucleoside therapy. Twenty-two patients (76%) were AZT experienced, 9 (31%) were ddI experienced, 5 (17%) were ddC experienced, 4 (14%) were 3TC experienced, and 4 (14%) were d4T experienced. None of the patients had received prior protease inhibitor therapy.
The role of baseline AZT-associated resistance mutations on the response to adefovir dipivoxil during the first 6 months of the maintenance phase was investigated. Concomitant anti-HIV therapy was used by approximately 50% of these patients during this time frame. Seven patients (25%) were AZT naive, 7 (25%) had prior AZT experience but did not have any AZTassociated resistance mutations in RT at baseline, and 14 (50%) had at least 1 AZT-associated resistance mutation (K70R, M41L, D67N, L210W, T215Y or T215F, or K219Q) at baseline. Patients in each of these three groups had similar median viral load responses (Ϫ0.6 log 10 copies/ml) at month 6 of maintenance-phase dosing, and the response was equal to the overall median response (Fig. 3) .
The effects of other baseline RT mutations on the response to adefovir dipivoxil therapy were also investigated. The I135V or I135T RT mutation has been associated with AZT or ddI therapy (24, 35) . Three patients (11%) had an I135V or I135T RT mutation at baseline that was not in the presence of other nucleoside-associated resistance mutations. These three patients received adefovir dipivoxil monotherapy during this phase and had a median decrease in HIV RNA load of 0.9 log 10 copies/ml at month 6.
Viruses from one patient (4%) had a 3TC-associated M184V RT mutation at baseline that was not in the presence of other nucleoside-associated resistance mutations. This patient was receiving concomitant medications and had a decrease in HIV RNA load of 0.7 log 10 copies/ml at month 6. Two additional patients entered the maintenance phase with viruses expressing an M184V mutation in RT in the presence of AZT-associated resistance mutations. Both patients were receiving concomitant medications (including 3TC) and had viral RNA load responses better than the median response at 6 months. No maintenance-phase baseline samples contained the nucleoside-associated K65R, L74V, T69D, or Q151M mutations.
DISCUSSION
Adefovir dipivoxil sustained viral load reductions in HIV-1-infected patients receiving extended therapy for Ն6 months with or without concomitant treatment with antiretroviral agents (Fig. 1) . This pattern of viral load suppression is in contrast to that achieved by many other nucleoside inhibitors such as AZT, 3TC, or ddI (11, 17, 25, 29, 31, 32, 35, 42, 43, 50) , with which a gradual return toward baseline is usually seen, often coincident with the development of drug-resistant viruses. Since adefovir dipivoxil is known to have activity in a variety of cell types (2, 37, 45) , it is possible that the prolonged decrease in viral load observed during adefovir dipivoxil therapy is due to its activity in the longer-lived cells of the monocyte/macrophage lineage as well as the lack of significant resistance development.
The K70E and K65R mutations were selected for in vitro and exhibited approximately 9-to 16-fold decreases in sensitivity to adefovir (9, 19, 23) . Notably, viruses from two patients developed the K70E mutation during maintenance therapy, and both patients responded with better than median decreases in viral load. One patient ( Table 1 , patient A; Fig. 2A ) was receiving monotherapy, and the viruses from that patient developed a mixture of wild-type and mutant codons at amino acid 70 (K70E/K) after 3 months of maintenance dosing. Even in the presence of this mutation the patient had a decrease in viral RNA load of 0.9 log 10 copies/ml after 6 months of maintenance-phase dosing. Interestingly, the HIV in this patient's plasma remained a mixture of mutant K70E and wild-type virus between months 3 and 6, despite continued treatment with adefovir dipivoxil monotherapy. It has previously been shown that the K70E recombinant virus demonstrated modestly reduced growth kinetics in vitro (9) . The K70E virus may also have a reduced replication capacity in vivo, perhaps contributing to the sustained activity of adefovir dipivoxil in this patient. The moderate decrease in susceptibility to adefovir in recombinants generated from patient A is also consistent with the lack of a viral load rebound in this patient. Viruses from the second patient (Table 1 , patient G) developed the K70E mutation in RT after 12 months of adefovir dipivoxil therapy while the patient was concomitantly receiving AZT and 3TC. Since this patient was receiving concomitant therapy and also developed the M184V mutation during the maintenance phase, it is not clear what role the K70E mutation played in the virological response (decrease in viral load of 0.9 log 10 copies/ml from maintenance-phase baseline at month 12) of this patient. No patient entered the maintenance phase with a virus with a K65R mutation in RT or was infected with a virus that developed that mutation during therapy, so the effect of this mutation on the virological response to adefovir dipivoxil is as yet unknown.
Viruses from two patients ( Table 1 , patients E and F) developed the T69D mutation while the patients were receiving adefovir dipivoxil therapy. While this mutation has previously been associated with ddC therapy (18), it has not been associated directly with treatment with other nucleosides and was not selected for in vitro by adefovir. Neither of the patients whose viruses developed the T69D mutation reported prior ddC use. Both patients had sustained decreases in viral load (Ϫ1.4 and Ϫ1.2 log 10 copies/ml) subsequent to the development of this mutation. However, since both patients were concomitantly FIG. 3 . Median change in HIV RNA loads (log 10 copies per milliliter) after 6 months of adefovir dipivoxil therapy among different groups of patients on the basis of prior AZT experience and presence of AZT resistance mutations at initiation of maintenance-phase adefovir dipivoxil dosing. Other antiretroviral agents were concomitantly used by 50% of the patients. The four patient groups include all patients (n ϭ 28), patients who were AZT naive (n ϭ 7), patients who were AZT experienced but whose viruses had no AZT-associated resistance mutations (n ϭ 7), and patients who were AZT experienced and whose viruses had one or more AZT-associated resistance mutations (n ϭ 14), as indicated by the bars from top to bottom, respectively. Standard error bars are indicated.
receiving other medications during the maintenance phase, the effects of the T69D mutation on the virus responses to adefovir dipivoxil treatment are not clear. The minor decrease in adefovir susceptibility measured for the posttherapy recombinant virus from patient E may suggest that adefovir dipivoxil is still able to effectively suppress replication of the T69D virus.
Interestingly, during the maintenance phase viruses from four patients (Table 1 , patients B, C, D, and H) developed mutations that are characteristically associated with AZT resistance, although the patients did not report receiving concomitant AZT therapy. It is curious that among the viruses from these patients, the majority of the viruses with AZTassociated resistance mutations, once identified, maintained mixtures of mutations but did not develop into full mutants. This finding suggests that the selective pressure exerted by adefovir dipivoxil that allows the outgrowth of viruses harboring the AZT-associated resistance mutations may be quite moderate. Previous phenotypic assays performed with clinical isolates containing different combinations of AZT-resistant mutations exhibited little to no decrease in susceptibility to adefovir in vitro (8, 21, 23) . Clearly, recombinant viruses from patients B and C showed no measurable decrease in susceptibility to adefovir in vitro (Table 2) , and the viral loads in these patients did not rebound in the presence of viruses with these mutations (Fig. 2) . Patient D is the only patient in this study whose recombinant viruses showed a greater than threefold decrease in adefovir susceptibility, yet the patient still had a notable viral RNA decrease over the course of therapy.
Three of these four patients (Table 1 , patients B, C, and H) had received AZT therapy prior to the maintenance phase, and although AZT-associated mutations were not detectable at baseline, viruses with these mutations may have existed as a minority viral population in these patients. These viruses expressing AZT-associated mutations may have a slight selective advantage over wild-type viruses in the presence of adefovir dipivoxil and may therefore be enriched for during adefovir dipivoxil therapy, thus becoming a larger percentage of the viral population after the significant decrease in HIV load experienced by all three patients (Ϫ0.7, Ϫ0.8, and Ϫ1.8 log 10 copies/ml, respectively; the last two patients were on monotherapy). The fourth patient (Table 1 , patient D) was reportedly AZT naive, yet viruses from this patient still developed a complex mixture of AZT-associated resistance mutations after 12 months of monotherapy. Even so, this patient demonstrated a decrease in HIV RNA load of 1.0 log 10 copies/ml after 12 months of adefovir dipivoxil monotherapy, making the clinical significance of these genotypic findings unclear. Alternatively, it is possible that patient D was originally infected with an AZT-resistant virus.
The development of AZT-associated resistance mutations (M41L, D67N, K70R, L210W, T215Y, and K219Q) in viruses from patients receiving RT inhibitors other than AZT has been documented previously. Winters et al. (51) reported that viruses from 6 of 23 patients receiving ddI monotherapy for 56 to 104 weeks developed the M41L, K70R, L210W, T215Y, and/ or K219Q mutations. Two of these patients did not report receiving prior AZT therapy. Viruses from the patients who developed AZT-associated resistance mutations maintained wild-type ddI susceptibilities when phenotypic assays were performed. Demeter et al. (16) also reported that viruses from two patients receiving ddI monotherapy for Ͼ2 years developed M41L, D67N, K70R, and/or T215Y mutations. One of these patients had not received prior AZT therapy. Lin et al. (33) reported that viruses from 8 of 13 patients analyzed after Ն18 months of d4T treatment developed the AZT-associated resistance mutations M41L, D67N, L210W, T215Y, and/or K219Q or K219E. Two of these eight patients did not report receiving prior AZT therapy. Thus, as suggested for adefovir dipivoxil, both ddI and d4T may exert enough selective pressure to allow the outgrowth of viruses carrying AZT-associated resistance mutations. Infrequently, however, it appears that AZT-associated resistance mutations may be selected for in vivo in AZTnaive patients during therapy with an RT inhibitor other than AZT.
It has been shown in numerous studies that antiretroviral agent-naive patients have a greater decrease in viral load than antiretroviral agent-experienced patients. The reasons for this finding are likely numerous (stage of disease, compliance, pharmacokinetics, etc.), but at least for some patients, baseline preexisting virus mutations influence the in vivo response to a new agent. For example, patients whose viruses develop a T215Y or T215F mutation in RT during AZT therapy have been shown to have a diminished virological response to subsequent treatment with AZT-ddI, ddI alone, or AZT-ddI-delavirdine (12, 24, 25) compared to the response of patients whose viruses have the wild-type amino acid at this RT codon. The role played by other baseline nucleoside resistance mutations on the virological response to a subsequent agent is less well described to date. Interestingly, it was reported recently that patients whose viruses possess an M184V mutation at baseline and who later added AZT to their 3TC therapy and whose viruses developed multiple AZT-resistant mutations had poor virological responses to AZT-3TC combination therapy (35) .
As shown in Fig. 3 , the viral load responses of patients whose viruses had AZT-associated resistance mutations at baseline were similar to the overall median viral load changes among all patients in this study. However, the concomitant use of other medications by 50% of the patients, coupled with the limited number of patients in each group and the complex pattern of representation of the six individual AZT mutations present at the baseline, precludes a complete evaluation of the effects of preexisting AZT resistance mutations on the response to adefovir dipivoxil therapy. Additional studies are needed to directly address the effects of not only AZT-associated resistance mutations but also those associated with other HIV therapies on the response to adefovir dipivoxil therapy.
Few changes in the sequence of RT from baseline that could be potentially attributed to adefovir dipivoxil therapy were detected in viruses from patients who received up to 12 months of maintenance-phase dosing with or without the concomitant use of other antiretroviral agents. The lack of significant genotypic or phenotypic resistance development as well as adefovir dipivoxil's documented activity in resting and activated lymphocytes and macrophages/monocytes (2, 37, 45) are consistent with the durable anti-HIV activity observed in this study. Ongoing blinded, controlled clinical trials will further investigate the resistance profile and antiretroviral activity of adefovir dipivoxil.
